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We propose a new beam dump experiment at future colliders with electron (e−) and positron (e+) 
beams, BDee, which will provide a new possibility to search for hidden particles, like hidden photon. 
If a particle detector is installed behind the beam dump, it can detect the signal of in-ﬂight decay of 
the hidden particles produced by the scatterings of e± beams off materials for dumping. We show that, 
compared to past experiments, BDee (in particular BDee at e+e− linear collider) signiﬁcantly enlarges the 
parameter region where the signal of the hidden particle can be discovered.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.High energy colliders with electron (e−) and positron (e+) 
beams, such as the International Linear Collider (ILC) [1], the Com-
pact Linear Collider (CLIC) [2], and Future Circular Collider with 
e+e− beams (FCC-ee) [3], are widely appreciated as prominent 
candidates of future experiments. One of the reasons is that, with 
the discovery of Higgs boson at the LHC [4], detailed studies of 
Higgs properties at e+e− colliders are now very important [5]. In 
addition, e+e− colliders have sensitivity to new particles at TeV 
scale or below if they have electroweak quantum numbers.
Although e+e− colliders have many advantages in studying 
physics beyond the standard model (BSM), they can hardly probe 
BSM particles whose interaction is very weak. We call such par-
ticles hidden particles, which appear in various BSM models. For 
example, there may exist a gauge symmetry other than those of 
the standard model (SM), as is often the case in string theory. If 
the breaking scale of such a hidden gauge symmetry is lower than 
the electroweak scale, the associated gauge boson can be regarded 
as a hidden particle [6]. In string theory, it has also been pointed 
out that there may exist axion-like particles (ALPs) [7]; they are 
also candidates of the hidden particle. Sterile neutrino is another 
example. These particles interact very weakly with SM particles, 
and are hardly accessed by studying e+e− collisions. If e+e− col-
liders will be built in the future, it is desirable to make it possible 
to study hidden particles as well.
In this letter, we discuss a possibility to detect hidden particles 
at the e+e− facilities. We propose a beam dump experiment at fu-
ture e+e− colliders (BDee), in which the beam after the e+e− col-
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SCOAP3.lision is used for the beam dump experiment. In particular, at the 
ILC and CLIC, the e± beams will be dumped after each collision, 
which makes a large number of e± available for the beam dump 
experiment. Using the hidden photon, which is the gauge boson 
associated with a (spontaneously broken) hidden U (1) symmetry, 
as an example, we show that the BDee can cover a parameter re-
gion which has not been explored by past experiments.
Let us ﬁrst summarize the basic setup of BDee. We sim-
ply assume the current design of the beam dump system of 
the ILC although one may consider other possibilities. The main 
beam dumps of the ILC will consist of 1.8 m-diameter cylindri-
cal stainless-steel high-pressure (10 bar) water vessels [1]. The 
e± beams after passing through the interaction point are injected 
into the dump, which absorbs the energy of the electromagnetic 
shower in 11 m of water. If there exists a hidden particle, like hid-
den photon, for example, it is produced by the e±–H2O scattering 
process. In this letter, to make our discussion concrete, we consider 
the case where the target is H2O, although other materials may be 
used as a target. The number of the hidden photon produced in 
the dump is insensitive to the target material.
Our proposal is to install a particle detector behind the dump, 
with which we can observe signals of hidden particles produced 
in the dump. The schematic picture of the setup of BDee is shown 
in Fig. 1. The decay volume is a vacuum vessel with the length 
of Ldec; the signal of the hidden particle is detected if the hid-
den particle decays into (visible) SM particles in the decay volume. 
A tracking detector is used to detect the hidden particle decay-
ing into a pair of charged particles. Additional detectors such as 
calorimeters and muon detectors may be installed to enrich the 
physics case. As well as the hidden particles, charged particles are  under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
26 S. Kanemura et al. / Physics Letters B 751 (2015) 25–28Fig. 1. Schematic view of BDee. The electron (or positron) beam is injected into the 
beam dump from the left.
also produced in the dump; rejection of those particles is essen-
tial to suppress backgrounds. In particular, a signiﬁcant amount of 
muons are produced, as we will discuss in the following. Thus, we 
expect to install shields and veto counters between the dump and 
the decay volume. Additional veto counters surrounding the detec-
tor serve to reject cosmic rays.
To see the sensitivity of BDee, we consider a model with hid-
den photon (denoted as X), which has a small kinetic mixing with 
ordinary photon. We adopt the following Lagrangian in our analy-
sis
L= LSM − 1
4
F (X)μν F
(X)
μν − 2 F
(em)
μν F
(X)
μν + m
2
X
2
XμXμ, (1)
where LSM is the SM Lagrangian, and F (em)μν and F (X)μν are ﬁeld 
strength tensors of electromagnetic and hidden photons, respec-
tively. In addition,  is the mixing parameter, which is assumed 
to be much smaller than 1, while mX is the mass of the hidden 
photon.
Once the hidden photon is produced in the dump, it may 
go through the shield region because the hidden photon is very 
weakly interacting, and may decay into SM particles in the decay 
volume. Thus, the SM particles (like a pair of charged particles) 
originating from the decay volume are the signal of the hidden 
photon production.
The hidden photon production is dominated by the t-channel 
(ordinary) photon exchange process of e±N → e±XN ′ , where N is 
a nucleus in H2O while N ′ denotes the hadrons in the ﬁnal state. 
Because of the masslessness of the photon, the cross section is en-
hanced for the conﬁguration in which t˜ ≡ −q2 takes its minimal 
possible value, where q ≡ PN − PN ′ denotes the momentum of the 
virtual photon, with PN and PN ′ being the momenta of N and 
N ′ , respectively. (The t˜ parameter should not be confused with the 
length in units of the radiation length, which will be denoted as 
t in this letter.) Consequently, the hidden photon X is likely to be 
emitted in (almost) the beam direction, which will be taken to be 
the z-axis. Because we are interested in the case where Ee mX , 
the decay products of X are also likely to be emitted in (almost) 
the beam direction. Thus, the particle detector behind the dump 
can eﬃciently observe the decay products of X .
Using Weizsäcker–Williams approximation, the cross section for 
e±N → e±XN ′ is estimated as dσ(e±N → e±XN ′)/dx = 2dσ0/dx, 
where [8–10]
dσ0
dx
= 4α3χβX
(
1− x+ 1
3
x2
)(
1− x
x
m2X + xm2e
)−1
. (2)
Here, α is the QED ﬁne structure constant, me is the electron mass, 
x ≡ E X/Ee , βX ≡
√
1− (m2X/E2e ), and χ is the effective ﬂux of pho-
tons. In our numerical analysis, we use
χ =
t˜max∫
t˜min
dt˜
t˜ − t˜min
t˜2
G2(t˜), (3)where t˜min = (m2X/2Ee)2, and t˜max = m2X . For a nucleus with the 
charge Z , the electric form factor is given by [9]
G2(t˜) =
(
a2t˜
1+ a2t˜
)2(
1
1+ t˜/d
)2
Z2
+
(
a′ 2t˜
1+ a′ 2t˜
)2(1+ (μ2p − 1)t˜/4m2p
(1+ t˜/d′)4
)2
Z , (4)
where mp is the proton mass, a = 111Z−1/3/me , d =
0.146 GeV2A−2/3 (with A being the atomic number), a′ =
773Z−2/3/me , d′ = 0.71 GeV2, and μp = 2.79. (The ﬁrst and the 
second terms of the right-hand side of Eq. (4) represent elastic 
and inelastic components, respectively.)
After the injection into the dump, the beam loses its energy. We 
use the following energy distribution of e− after passing through a 
medium of the radiation length t [11]:
Ie(Ebeam, Ee, t) = 1Ebeam
[ln(Ebeam/Ee)]bt−1
(bt)
, (5)
where Ebeam is the energy of the electron beam just before the 
injection into the dump, and b = 43 .
The total number of the signal is given by [9,10]
Nsig = Ne NAvoX0A 
2Bsig
×
Ebeam−me∫
mX
dE X
Ebeam∫
E X+me
dEe
T∫
0
dt
Ie(Ebeam, Ee, t)
Ee
dσ0
dx
∣∣∣∣
x=E X/Ee
× Pdec, (6)
where Ne is the total number of electron injected into the dump, 
NAvo is the Avogadro constant, X0  716.4A/
[Z(Z + 1) ln(287/√Z)] g/cm2 is the radiation length, T ≡
ρLdump/X0 with ρ being the density of water, and Bsig is the 
branching ratio of X into the signal channel. (Hereafter, for sim-
plicity, we take Bsig = 1.) In addition, Pdec is the probability of the 
decay of X in the decay volume. With the present setup, Ldump is 
so long that the hidden photon production mostly occurs near the 
edge of the dump. Thus, we approximate
Pdec = e−(Ldump+Lsh)/lX (1− e−Ldec/lX ), (7)
where lX is the decay length of X with energy E X . Using R ≡
σ(e+e− → hadrons)/σ (e+e− → μ+μ−), we evaluate l−1X as
l−1X =
mX
EX
⎡
⎣ ∑

=e,μ,τ
X→
+
− + RX→μ+μ−
⎤
⎦ . (8)
(In our numerical calculation, we use R given in [12].) The decay 
rate of X into a lepton pair is given by
X→
+
− = α
2
3
mX
(
1+ 2m
2


m2X
)√
1− 4m
2


m2X
, (9)
with m
 being the mass of the lepton 
.
The number of events is proportional to the total number of 
injected electrons which depends on collider parameters. First, 
we consider the case of the ILC, at which electron and positron 
beams are dumped immediately after passing thought the interac-
tion point. (We call such a case “BDeeLC.”) In the current design of 
the ILC, the bunch train consists of 1312 bunches, each of which 
contains 2 × 1010 electrons, and is dumped with the frequency of 
5 Hz [1]. Thus, with one-year (i.e., 3 × 107 sec) operation, about 
4 × 1021 electrons are injected into the dump. While we take this 
S. Kanemura et al. / Physics Letters B 751 (2015) 25–28 27Fig. 2. Contours of constant Nsig on the mX vs.  plane for Ebeam = 250 (red), 500
(blue), and 1500 GeV (green), taking Ne = 4 × 1021, Ldump = 11 m, Lsh = 50 m, and 
Ldec = 50 m. The dotted, solid, short-dashed, and long-dashed lines correspond to 
Nsig = 10−2, 1, 102, and 104, respectively. The gray-shaded regions are already ex-
cluded by past beam dump experiments [10] (light-gray) or supernova bounds [14]
(dark-gray), while SHiP experiment, if approved, will cover the yellow-shaded one 
[15]. (For interpretation of the references to color in this ﬁgure legend, the reader 
is referred to the web version of this article.)
value as the basis for our calculation, luminosity upgrades are fore-
seen in the later stage of the ILC operation, which doubles the 
number of bunches [13]. In the case of CLIC, a similar calculation 
yields (2–4) × 1021 electrons using the parameters given in [2]. 
Since these numbers are similar in order of magnitude, in the fol-
lowing discussion, we take the ILC number and scale the beam 
energy up to the CLIC energy range.
We numerically integrate Eq. (6) to evaluate the number 
of events. Taking Ne = 4 × 1021, Ldump = 11 m, Lsh = 50 m, 
and Ldec = 50 m, we calculate Nsig for Ebeam = 250, 500, and 
1500 GeV. In Fig. 2, we plot the contours of constant Nsig on the 
mX vs.  plane. The number of signal is suppressed for both large 
and small values of  . When  is too small, the production cross 
section as well as the number of the decay inside the decay vol-
ume are suppressed. On the contrary, with too large  , most of the 
hidden photons decay before reaching the decay volume.
Now, we discuss several issues related to the backgrounds. First, 
the muons produced by e±–H2O scattering may become serious 
background. We estimate the spectrum of the muons produced in 
the dump as
dNμ++μ−
dpz
= 2Ne NAvoX0
A
×
∫ dm2γ ∗
π
∫
dEγ ∗
∫
dEe
∫
dt
Ie(Ebeam, Ee, t)
m3γ ∗ Ee
dσ0
dx
∣∣∣∣
x=Eγ ∗/Ee
× d(γ
∗ → μ+μ−)
dpz
, (10)
where pz is the z-component of the momentum of the muon. In 
addition, d(γ ∗ → μ+μ−)/dpz is the differential decay rate of the 
“virtual photon” with its energy of Eγ ∗ and the invariant mass of 
mγ ∗ . We found that O (106) muon pairs are produced with the in-
jection of one bunch train, and that the energy of the produced 
muons are typically of the order of Ebeam. A signiﬁcant reduction 
of the ﬂux of these muons is mandatory. One possibility of shield-
ing these muons is to bend them out from the aperture of the 
vacuum vessel of the decay volume using magnetic ﬁeld. A to-
tal ﬁeld of B⊥ ∼ O (10) Tm is required to bend out O (100) GeV
muons, if the aperture of the vacuum vessel is O (1) m. Assuming that the magnetic ﬁeld of O (1) T is available in the shield region, 
Lsh should be of O (10) m. The muon shield using the magnetic 
ﬁeld was studied for SHiP experiment [15,16], which is a new ﬁxed 
target experiment proposed in CERN; it was pointed out that the 
return ﬁelds of a long sequence of magnets may bend back the 
muons which have been once bent out. Thus, detailed study of the 
conﬁguration of the magnets for the muon shield is necessary; we 
leave the detailed studies of shield and detector designs for future 
consideration. The SHiP collaboration claims that the muons can 
be removed using a carefully designed conﬁguration of magnetic 
ﬁeld with Lsh ∼ 50 m [16]. Here, we use Lsh = 50 m in our study, 
and assume that muon reduction is possible with magnetic ﬁelds 
between the dump and the decay volume.
Neutrino- and muon-induced backgrounds may also exist. Neu-
trinos and muons produced in the dump, as well as cosmic rays, 
may interact inelastically with the materials surrounding the de-
cay volume, resulting in the production of long-lived V 0 particles, 
like K 0L . Their decay products may mimic the charged particles 
produced by the decay of the hidden photon. The amount of V 0
particles produced in such a process depends on the experimental 
design.
Assuming no background and requiring a few events to claim 
the discovery of the signal of hidden photon, the discovery reach 
is signiﬁcantly enlarged by BDeeLC, as shown in Fig. 2; dark photon 
with its mass of O (1) GeV or smaller may be accessed by BDeeLC. 
Thus, BDeeLC will provide a new possibility to ﬁnd a signal of hid-
den particles.
Next, we shortly comment on the beam dump experiment at 
FCC-ee (which we call “BDeeCC.”) Adopting the current design 
of FCC-ee [3], the number of electrons available for BDeeCC is 
O (1010) per second, which is 3–4 orders of magnitude smaller 
than that for BDeeLC. Even so, BDeeCC can enlarge the discov-
ery reach of hidden particles compared to past experiments. (See 
Fig. 2.)
Finally, we compare BDee with another possible hidden particle 
search in the future, SHiP experiment [16]. The expected discov-
ery reach of SHiP is also shown in Fig. 2 for the hidden photon 
model. We can see that, if approved, SHiP will also cover the 
parameter region on which BDee has a sensitivity. It should be 
noted that SHiP is a ﬁxed target experiment with proton beam, so 
the fundamental processes producing hidden particles are differ-
ent. If signals of a hidden particle are discovered, discrimination 
of various possibilities of hidden particles may become possible by 
combining the results of BDee and SHiP.
In summary, given the fact that a large number of e± will 
become available for beam dump experiment once e+e− collider 
starts its operation, we propose to install a particle detector be-
hind its dump. Using the hidden photon model as an example, we 
have shown that the beam dump experiment at e+e− colliders, 
BDee, signiﬁcantly enlarges the discovery reach of hidden parti-
cles. To understand the potential of BDee, case studies for other 
hidden particles, like ALPs and sterile neutrinos, should be per-
formed. In doing so, the full capabilities of the machine, such as 
the use of positrons which yield annihilation processes, and, in the 
case of linear colliders, the use of beam polarization, should be 
explored. In addition, the discovery reach depends on the detail of 
the conﬁgurations of detectors and shields. As we have discussed, 
the muons produced in the dump are potential serious background 
and hence careful designs of detectors and shields are needed. 
These issues will be discussed elsewhere [17]. BDee will provide a 
new possibility to probe hidden particles, and hence is worth be-
ing considered seriously as an important addition to future e+e−
facilities.
28 S. Kanemura et al. / Physics Letters B 751 (2015) 25–28Acknowledgements
The authors are grateful to K. Fujii, K. Nakamura, K. Oda, and 
T. Suehara for useful discussion. They also thank Okinawa Institute 
of Science and Technology Graduate University for their hospital-
ity, at which this work was initiated. This work is supported by 
Grant-in-Aid for Scientiﬁc Research Nos. 23104006 (SK), 23104008 
(TM), 26400239 (TM), and 23000002 (TT).
References
[1] T. Behnke, et al., arXiv:1306.6327 [physics.acc-ph];
H. Baer, et al., arXiv:1306.6352 [hep-ph];
C. Adolphsen, et al., arXiv:1306.6353 [physics.acc-ph];
C. Adolphsen, et al., arXiv:1306.6328 [physics.acc-ph];
T. Behnke, et al., arXiv:1306.6329 [physics.ins-det].
[2] L. Linssen, A. Miyamoto, M. Stanitzki, H. Weerts, arXiv:1202.5940 [physics.ins-
det];
M. Aicheler, et al., CERN-2012-007, SLAC-R-985, KEK-Report-2012-1, PSI-12-01, 
JAI-2012-001;
P. Lebrun, et al., arXiv:1209.2543 [physics.ins-det].[3] F. Zimmermann, et al., CERN-ACC-2014-0262, 2014.
[4] G. Aad, et al., ATLAS Collaboration, Phys. Lett. B 716 (2012) 1, arXiv:1207.7214 
[hep-ex];
S. Chatrchyan, et al., CMS Collaboration, Phys. Lett. B 716 (2012) 30, arXiv:
1207.7235 [hep-ex].
[5] See, for example, M.E. Peskin, arXiv:1312.4974 [hep-ph].
[6] L.B. Okun, Sov. Phys. JETP 56 (1982) 502, Zh. Eksp. Teor. Fiz. 83 (1982) 892;
B. Holdom, Phys. Lett. B 166 (1986) 196.
[7] A. Arvanitaki, et al., Phys. Rev. D 81 (2010) 123530, arXiv:0905.4720 [hep-
th].
[8] K.J. Kim, Y.S. Tsai, Phys. Rev. D 8 (1973) 3109.
[9] J.D. Bjorken, R. Essig, P. Schuster, N. Toro, Phys. Rev. D 80 (2009) 075018, arXiv:
0906.0580 [hep-ph].
[10] S. Andreas, C. Niebuhr, A. Ringwald, Phys. Rev. D 86 (2012) 095019, arXiv:
1209.6083 [hep-ph].
[11] Y.S. Tsai, Phys. Rev. D 34 (1986) 1326.
[12] K.A. Olive, et al., Particle Data Group Collaboration, Chin. Phys. C 38 (2014) 
090001.
[13] T. Barklow, et al., arXiv:1506.07830 [hep-ex].
[14] D. Kazanas, et al., Nucl. Phys. B 890 (2014) 17, arXiv:1410.0221 [hep-ph].
[15] S. Alekhin, et al., arXiv:1504.04855 [hep-ph].
[16] M. Anelli, et al., SHiP Collaboration, arXiv:1504.04956 [physics.ins-det].
[17] S. Kanemura, T. Moroi, T. Tanabe, work in progress.
